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Abstract 

 

A U.S. Geological Survey (USGS) study of the transport of anthropogenic and 

natural contaminants to public-supply wells (PSWs) in four aquifer systems documents 

the occurrence and distribution of arsenic and uranium, and determines some of the 

mechanisms for their mobilization and movement. The study areas include a glacial 

aquifer system in Woodbury, Connecticut (referred to herein as CT); the Floridan aquifer 

system and overlying units in Tampa, Florida (referred to herein as FL); the High Plains 

aquifer in York, Nebraska (referred to herein as NE); and the Central Valley aquifer 

system in Modesto, California (referred to herein as CA). 

 

Chemical analyses of solid-phase material indicated geologic sources of arsenic and 

uranium, but did not always correspond to their relative concentrations in ground water. 

In CT, low extracted concentrations of arsenic and uranium in most glacial deposits 

corresponded to low concentrations in ground water. Arsenic and uranium concentrations 

in sediment were highest in NE and among the lowest in CA, yet dissolved 

concentrations at both sites were similar. The predominance of calcium-uranyl-carbonate 

complexes, which can inhibit uranium adsorption, probably contributes to uranium 

mobility in NE, CA, and FL. Shallow, high-bicarbonate water is drawn downward by 

pumping and irrigation recharge at both sites. Arsenic correlates well with 

orthophosphate in shallow ground water in both areas, possibly indicating a tendency for 

competitive desorption of arsenic by phosphate. In FL, the highest concentrations of 

arsenic and uranium in depth-dependent samples from the public supply well were found 

in a highly transmissive zone in the Suwannee Limestone. The arsenic likely results from 

reactions between oxic water from the surficial aquifer system and arsenic-rich pyrite in 

parts of the limestone. Evidence of short-circuit pathways were observed in all four 

aquifer systems, and those in FL, NE, and CA result in sporadic exceedances of drinking-

water standards for arsenic and (or) uranium in PSWs. At the FL, NE, and CA sites, these 

pathways resulted from human-induced changes in the flow system. 

 

Introduction  

 

About 10 percent of arsenic analyses in ground water in the U.S. exceeded the 10 

ɛg/L USEPA MCL (Welch and others, 2000) and large concentrations of dissolved 

radium and uranium have been detected in many ground-water supplies across the United 

States (Zapecza and Szabo, 1988). To safeguard public health, a better understanding is 

needed of geochemical processes associated with the occurrence of natural contaminants 

in public-supply wells (PSWs) because they provide drinking water to about one-third of 

the U.S. population. Understanding PSW contamination also is an economic issue 
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because of the expense and difficulty in remediating ground water from aquifers that are 

vulnerable to high levels of arsenic or uranium, or changing the locations of supply wells. 

 

In 2001, the U.S. Geological Surveyôs (USGS) National Water-Quality Assessment 

(NAWQA) Program began a multi-scale study to assess the vulnerability of PSWs to 

contamination from a variety of compounds (Eberts and others, 2005), including arsenic 

and uranium. The Transport of Anthropogenic and Natural Contaminants to Supply Wells 

(TANC) study focuses on sources of contaminants and processes related to the 

mobilization and transport of contaminants within those parts of ground-water systems 

contributing water to PSWs. Sources, mobilization, and pathways for arsenic and 

uranium differ among aquifers, so the threat of these naturally occurring compounds to 

water quality in PSWs varies even where similar contaminant sources exist. This study 

identifies and compares these differences, as well as similarities, in a complementary set 

of aquifer systems, land-use settings, and public-water systems, on the basis of data that 

were collected and analyzed using consistent methods. 

 

The TANC study began with eight regional study areas that represent a variety of 

hydrologic, physiographic, and climatic conditions. Hinkle and others (2006) used TANC 

study ground-water-flow-model particle-tracking results and geochemical data together 

with statistical methods to determine the feasibility of using such data to screen for 

public-supply well vulnerability to contamination from arsenic and uranium at the 

regional scale (tens to thousands of square kilometers). More detailed study of 

contaminant sources, and mobilization and transport processes that control the movement 

of arsenic and uranium to a PSW on a more local scale are the focus of this paper. 

 

Description of Study Areas 

 

Local-scale studies were conducted within the contributing area (less than 100 

square kilometers) of a single, representative PSW in Woodbury, Connecticut, in a 

glacial aquifer (CT); Tampa, Florida, in the Floridan aquifer system (FL); York, 

Nebraska, in the High Plains aquifer (NE); and Modesto, California in the Central Valley 

aquifer system (CA) during 2003-2006. These four aquifer systems are shown on the 

principal aquifers map (fig. 1; USGS, 2003), and the state abbreviations used in this 

paper refer only to the study area. Conceptual illustrations of the aquifer systems in the 

four study areas are shown in figure 2. The study areas are described briefly below. 

 

The glacial aquifer system study area in Woodbury, Connecticut (CT) is located 

near the eastern edge of the glaciated region of the U.S. The study area is in the 

Pomperaug River Basin where most water for public supply is obtained from wells 

completed in glacial aquifer deposits that are mostly less than 30 m thick. Characteristics 

of the selected aquifer system are similar to many glacial aquifer systems in the region 

that encompasses much of the populated parts of New England, northern New Jersey, and 

eastern New York. The primary inflow to the aquifer system is direct recharge from 

precipitation, and the primary outflow is discharge to streams (fig. 2A). Upland surface 

and shallow subsurface runoff also are important sources of water to this glacial aquifer 

system. Inflow from underlying Mesozoic bedrock of relatively low permeability is a 



minor source of water. High recharge rates, high permeability, and relatively thin sand 

units result in relatively rapid ground-water travel times through the aquifer--nearly all 

ground water sampled in the local-scale study area had an apparent mean age of less than 

25 years, based on age tracers. Water in the glacial aquifer is generally oxic with 

localized zones of reducing conditions. Water in the underlying till and fractured bedrock 

is typically anoxic. 
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Figure 1. Study areas in the USGS National
Water QualityAssessment Program's study of
the transport of anthropogenic and natural
contaminants to supply wells. Figure 2. Conceptual models for ground-water flow in four

aquifers in the USGS study of the transport of anthropogenic
and natural contaminants to supply wells.  

 The TANC study area in the Floridan aquifer system (FL) is in west-central 

peninsular Florida in the central Tampa Bay region (fig. 1). The Tampa metropolitan 

area, and a considerable part of the southeastern U.S., rely heavily upon the Floridan 

aquifer as a source of drinking water. The Upper Floridan aquifer at the FL study area 

consists of karst limestone and dolomite and is overlain by unconfined sand and clayey-

sand deposits known as the surficial aquifer system (fig. 2B). A clay-rich, intermediate 

confining unit, where present, separates these aquifers, although dissolution of the Upper 

Floridan aquifer limestone can result in sinkhole collapse and breaches in the overlying 

confining unit that can serve as preferential flow paths to the underlying Upper Floridan 

aquifer (Fig. 2B). Solution-enlarged fractures are common in the Upper Floridan aquifer 

and yield large quantities of water to wells (Stewart and others, 1978). The presence of 

younger water (apparent mean age less than 12 years, based on age tracers) in the PSW 

and in the surficial aquifer indicates the high vulnerability of PSWs associated with 

highly transmissive zones in the Upper Floridan aquifer (apparent mean age greater than 

23 years) that are directly connected to the surficial aquifer. Water in the Upper Floridan 

aquifer is typically sulfate-reducing, whereas water in the surficial aquifer system is 

typically oxic. 

The TANC study area in the High Plains aquifer is in east-central Nebraska near the 

city of York (NE). The aquifer serves as an important source of water for agricultural 

irrigation and drinking-water supply throughout the region and constitutes the sole source 

of drinking water for the entire population. The aquifer is composed locally of layered 

Quaternary alluvial deposits with unconfined and confined sands as the primary water-

bearing units (fig. 2C). The upper confined sand layer, which is directly overlain by a 

silty, clayey till confining unit, is the principal unit providing drinking water for public 

supply in the area. Many irrigation and some commercial and older supply wells are 


